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(54) Method for priming a circuit for multiple blood extracorporeal treatments 

(57) A method for priming a circuit for multiple blood 
extracorporeal treatments, the circuit comprising : 



a filtration unit (40) having a primary and a second- 
ary chamber (44, 46) separated by a semiper- 
meable membrane (42) ; 

a primary circuit comprising a blood access line 

(34) connected to an inlet of the primary chamber 

(44) and a blood return line (35) connected to an 

outlet of the primary chamber (44) ; 

a collection fluid line (82) connected to the outlet of 

the secondary chamber (46) 

the method comprising the steps of : 

circulating a priming fluid from an end of the 
blood return line (35) to an end of the blood 
access line (34) and through the primary cham- 
ber (44) for a predetermined priming time ; and 
when the primary circuit (34, 35) is filled with 
priming fluid, ultraf iltering priming fluid from the 
primary chamber (44) into the secondary 
chamber (46) and circulating priming liquid 
from the secondary chamber (46) to an end of 
the collection fluid line (82). 
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Description 

The present invention relates to extracorporeal 
treatment of blood, and more particularly, to a new and 
improved apparatus and methodology fa extracorpor- 
eal treatment of blood in which any of a plurality of treat- 
ments may be selected and automatically performed. 

Extracorporeal blood treatment involves removing 
Wood from a patient, treating the blood externally to the 
patient, and returning the treated blood to the patient. 
Extracorporeal blood treatment is typically used to 
extract undesirable matter or molecules from the 
patient's blood and/or add desirable matter or mole- 
cules to the blood. Extracorporeal blood treatment is 
used with patients unable to effectively remove matter 
from their blood, such as when a patient has suffered 
temporary or permanent kidney failure. These patients 
and other patients may undergo extracorporeal blood 
treatment to add or remove matter to their blood, to 
maintain an acid/base balance or to remove excess 
body fluids, for example. 

Extracorporeal blood treatment is typically accom- 
plished by removing the blood from the patient in a con- 
tinuous flow, introducing the blood into a primary 
chamber of a filtration unit where the blood is allowed to 
flow past a semipermeable membrane. The semiper- 
meable membrane selectively allows matter in the blood 
to cross the membrane from the primary chamber into a 
secondary chamber and also selectively allows matter 
in the secondary chamber to cross the membrane into 
the blood in the primary chamber, depending on the 
type of treatment. 

A number of different types of extracorporeal blood 
treatments may be performed. In an ultrafiltration (UF) 
treatment, undesirable matter is removed from the 
Wood by convection across the membrane into the sec- 
ondary chamber. In a hemofiltration (HF) treatment, the 
blood flows past the semipermeable membrane as in 
UF and desiraWe matter is added to the Wood, typically 
by dispensing a fluid into the blood either before or after 
it passes through the filtration unit and before it is 
returned to the patient. In a hemodialysis (HD) treat- 
ment, a secondary fluid containing desirable matter is 
introduced into the secondary chamber of the filtration 
unit. Undesirable matter from the blood crosses the 
semipermeable membrane into the secondary fluid and 
desirable matter from the secondary fluid may cross the 
membrane into the blood. In a hemodiafiltration (HDF) 
treatment, Wood and secondary fluid exchange matter 
as in HD, and, in addition, matter is added to the Wood, 
typically by dispensing a fluid into the treated blood 
before its return to the patient as in HF. To perform one 
of these extracorporeal blood treatments, blood must be 
continuously removed from either a vein or artery of the 
patient. 

Traditionally each type of extracorporeal blood 
treatment has been conducted with a separate system 
because of the unique combination of fluids, flow rates, 



pressures and other parameters associated with each 
of the treatments. So. for example, manual systems 
used to perform HD on arterial blood rely on the arterial 
blood pressure to cause Wood to flow past the mem- 

5 brane and be treated. Because a natural flow cannot be 
achieved when using venous Wood, these systems can- 
not perform HD on venous blood and a separate 
machine or pump is required to establish a Wood flow 
from a venous Wood source and cause the venous 

w Wood to pass through the filtration unit and return the 
treated blood to a venous return point. 

Traditionally, setip, monitoring and adjusting of 
each separate system or machine has been labor inten- 
sive. Setup, which includes assembling and priming of 

is the extracorporeal blood treatment apparatus, can be 
especially time consuming. These manual systems are 
further labor intensive because of the need for person- 
nel often to monitor continuously and to adjust fluid flow 
rates based upon visual observation. For example, dur- 

20 ing operation of some extracorporeal Wood treatment 
machines, operators can only adjust the rate of removal 
of body fluid from the secondary chamber by raising or 
lowering the height of a container collecting the matter 
from the secondary chamber. Changing the height of 

25 the collection container effectively modifies the pressure 
across the semipermeaWe membrane, increasing or 
decreasing the rate at which body fluid passes from the 
blood across the membrane. To maintain the rates, the 
height of the collection container requires continual 

30 monitoring so that required adjustments may be made. 
The connection of some manual extracorporeal 
treatment systems to patients can also be labor inten- 
sive, with connection to an artery of the patient particu- 
larly proWematical. An arterial catheter connection must 

35 be constantly monitored, as they are susceptiWe to dis- 
connection and any such disconnection can result in 
significant Wood loss. 

Previous extracorporeal Wood treatment systems 
frequently require an operator to constantly monitor the 

40 treatment to detect operational conditions placing the 
patient at risk. Such conditions include leaking of blood 
at connection points of the blood f tow lines to and from 
the extracorporeal blood treatment machine, clotting of 
blood in the semipermeable membrane, depletion of flu- 

45 ids in the containers of matter required for treatment, fill- 
ing of the containers collecting matter during treatment, 
and existence of dangerously high or low pressures of 
blood or fluids during the treatment 

It is against this background that the significant 

so improvements and advancements of the present inven- 
tion have taken place in the field of extracorporeal treat- 
ment of blood. 

A signif icant object of the present invention relates 
to extracorporeal blood treatment with a single appara- 

55 tus which is capable of a plurality of extracorporeal 
blood treatments. A further object of the present inven- 
tion is the performance of an extracorporeal Wood treat- 
ment by automatically calculating, performing and 
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monitoring the extracorporeal blood treatment based 
upon a choice of a treatment by the operator. Another 
object is to automatically ascertain treatment conditions 
which place the patient at risk and to automatically cor- 
rect such conditions and/or notify the operator about 
such conditions during the extracorporeal treatment of 
blood. Another object is to notify the operator of condi- 
tions requiring operator assistance. 

In accordance with these and other objects, the 
present invention includes a method for priming a blood 
treatment module for an apparatus for a plurality of 
extracorporeal treatments of Wood, the module being 
adaptable to any kind of treatment to be performed and 
comprising : 

a filtration unit having a primary and a secondary 
chamber separated by a semi-permeable mem- 
brane ; 

a primary circuit comprising a blood access line 

connected to an inlet of the primary chamber of the 

filtration unit and a blood return line connected to an 

outlet of the primary chamber of the filtration unit ; 

a secondary fluid line connected to an inlet of the 

secondary chamber of the filtration unit ; 

a collection fluid line connected to an outlet of the 

secondary chamber of the filtration unit ; 

an anticoagulant fluid line connected to the blood 

access line ; 

a replacement fluid line connected to the blood 
access line or to the blood return line. 

The method according to the invention comprises 
the steps of : 

circulating a priming fluid from an end of the blood 
return line to an end of the blood access line and 
through the primary chamber, for a predetermined 
priming time ; and 

when the primary circuit is filled with priming fluid, 
uttrafiltering priming fluid from the primary chamber 
into the secondary chamber and circulating priming 
liquid from the secondary charriber to an end of the 
collection fluid line. 

According to a feature of the invention, the step of 
priming the primary circuit comprises : 

connecting a reservoir of priming fluid to the end of 

the blood return line and a collection reservoir to 

the end of a the blood access line ; 

closing the blood return line ; 

generating a first predetermined negative pressure 

in the primary circuit ; 

partially opening the blood return line in order that 
the pressure in the primary circuit remains below a 
second predetermined negative pressure until the 
priming fluid reaches the collection reservoir ; 
totaiiy opening the blood return line ; and 



circulating the priming fluid for the predetermined 
priming time. 

Thanks to this preliminary step, it is possible to 
5 degas very efficiently the primary circuit 

When the priming time has elapsed, the method 
advantageously comprises the steps of : 

closing the blood return line ; 
10 pumping priming fluid into (or from) the blood 

access line in order to increase (or decrease) the 

pressure in the primary circuit from an initial value 

to a predetermined pressure ; 

sensing the pressure in the primary circuit for a pre- 
15 determined period of time ; and 

emitting an alarm if the predetermined pressure is 

not reached or rf the pressure decreases (or 

increases) ; 

causing the pressure to reach the initial value ; and 
20 opening the return line. 

Thanks to this final procedure, it is possible to 
check the proper priming of the module and to detect 
any leak or loose connection between the various ele- 

25 merits thereof. 

These and other features of the present invention 
can be better understood from the following detailed 
description of a preferred embodiment of the present 
invention, taken in conjunction with the accompanying 

30 drawings that are briefly described below. 

FIG. 1 is an illustration of an extracorporeal blood 
treatment apparatus incorporating the present inven- 
tion, attached to a patient undergoing extracorporeal 
blood treatment. 

35 FIG. 2 is a block diagram of the two parts of the 
extracorporeal blood treatment apparatus shown in FIG. 
1. 

FIGS. 3a and 3b are an expanded block diagram of 
the components of a selection, control and monitoring 

40 system of the extracorporeal blood treatment apparatus 
shown in FIG. 2. 

FIG. 4 is a flow chart showing the functionality of 
the extracorporeal blood treatment apparatus of FIGS. 
1, 2, 3a and 3b, and the treatment steps involved in 

45 practicing the methodology of the present invention. 

The presently preferred embodiment of an appara- 
tus 30 for treating extracorporeal^ blood from a patient 
32 is illustrated in FIGS. 1 and 2. Blood is removed from 
the patient 32 through a catheter 33 inserted into a vein 

so or artery of the patient and flows into an access line 34 
for supply to the apparatus 30. The apparatus 30 proc- 
esses the blood for each of a number of extracorporeal 
blood treatment protocols and returns the processed or 
treated blood to the patient though a return line 35 and 

55 a return catheter 36 inserted into a vein of the patient. 
The blood flow path from the patient 32 which includes 
the catheter 33, the access line 34 to the apparatus 30, 
and the return line 35 and return cathter 36 back to the 
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patient forms a primary blood flow circuit 38. 

Each of the treatment protocols involves passing 
the blood in the primary circuit 38 through a filtration unit 
40. The filtration unit 40 uses a conventional semiper- 
meable membrane 42 (FIG. 2) which divides the filtra- 
tion unit 40 into a primary chamber 44 and a secondary 
chamber 46. The semipermeable membrane 42 con- 
fines the blood in the primary circuit 38 to the primary 
chamber 44. The semipermeable membrane 42 allows 
matter or molecules from the Wood in the primary cham- 
ber 44 to migrate (by diffusion or convection) across the 
semipermeable membrane into the secondary chamber 
46, and possibly allow matter or molecules from the 
secondary chamber to diffuse across the semiper- 
meable membrane into the blood in the primary cham- 
ber. In all cases, each treatment protocol involves 
removing extracorporeal ly undesired matter from the 
blood or adding extracorporeally desirable matter to the 
blood. 

To select, control and monitor each of the treatment 
protocols, the apparatus 30 includes a protocol selec- 
tion, control and monitoring system 48 which is gener- 
ally shown in FIG. 2. The selection, control and 
monitoring (SCM) system 48 interacts with the remain- 
ing components of the apparatus 30 which are generally 
shown in FIG. 1 and in block diagram form at 50 in FIG. 
2. 

One of the components 50 is a first pressure sensor 

51 connected in the access line 34. The first pressure 
sensor 51 allows the blood pressure of the access line 
34 to be monitored, among other things. 

A first pump 52 is connected in the access line 34 
and controls the rate of blood flow through the primary 
circuit 38. Typically, the first pump 52 is operated when 
the Wood to be treated is withdrawn from a vein of the 
patient 32 through a venous catheter 33. The first pump 

52 creates a pressure in the access line 34 which is 
higher than the blood pressure in the return vein in 
which the return catheter 36 is inserted. The pressure 
differential created by the first pump 52 forces blood 
from the venous blood source through the catheter 33, 
through the primary circuit 38 and through the return 
catheter 36 into the lower pressure environment of the 
return vein of the patient. 

A second pressure sensor 53 is connected in the 
primary circuit 38 between the first pump 52 and an 
entrance to the primary chamber 44. One function of the 
second pressure sensor 53 is to detect and monitor the 
pressure of the blood supplied to an entrance to the pri- 
mary chamber 44. An alarm condition is indicated, for 
example, if the blood pressure at the entrance falls 
below a predetermined value, in which case blood may 
be leaking. 

A third pressure sensor 54 is connected at the out- 
let of the primary chamber 44. One of functions of the 
third pressure sensor 54 is to monitor the pressure of 
the blood In the return line 35 at the exit from the pri- 
mary chamber 44. By comparing the pressures sensed 



by the sensors 53 and 54 at the entrance and exit of the 
primary chamber 44, the integrity of the flow path 
through the primary chamber can be monitored and, in 
particular, clotting of blood can be detected. In addition, 

5 if the return pressure detected by the third pressure 
sensor 54 is below a desirable level, disconnection of 
the return line 35 or the return catheter 36 may be indi- 
cated, which is treated as an alarm condition, as further 
described below. 

w A bubble detector 58 is connected in the primary 
circuit 38 downstream of the third pressure sensor 54. 
The bubble detector 58 is one of many known in the art 
and its function is to detect the presence of bubbles and 
microbubbles in the treated Wood being returned to the 

is patient 32 in the collection line 82. 

A return clamp 60 is also connected in the primary 
circuit 38 in order to selectively allow or terminate the 
flow of blood through the primary circuit established or 
regulated by the first pump 52 or by arterial blood pres- 

20 sure. 

It is desirable when performing the various treat- 
ments using the apparatus 30 that anticoagulant be 
added to the blood in the primary circuit 38. The antico- 
agulant is added to the blood prior to its delivery to the 

25 primary chamber 44 in order to prevent undesiraWe 
coagulation of the blood resulting from contact of the 
blood with the semipermeable membrane 42 and other 
elements within the primary circuit 38. To add the anti- 
coagulant a second pump 62 is connected to deliver 

30 anticoagulant from an anticoagulant container 64 along 
an anticoagulant line 65 to the Wood prior to its entrance 
into the primary chamber 44. The anticoagulant con- 
tainer 64 is preferaWy a conventional syringe having a 
barrel and a plunger, and the pump 62 is a mechanical 

35 drive device to move the plunger into the barrel, thereby 
dispensing the anticoagulant into the Wood of the pri- 
mary circuit 38 in either a continuous or periodical 
basis. The anticoagulant container may also be a con- 
tainer connected to scales which weigh the content of 

40 the anticoagulant in the anticoagulant container. In this 
case, pump 62 is a peristaltic pump which delivers the 
anticoagulant from the anticoagulant container through 
the anticoagulant line 65. 

It is sometimes desirable when performing certain 

45 treatments using the apparatus 30 that a replacement 
fluid be added to the blood in the primary circuit The 
replacement fluid adds material to the Wood in order to 
adjust the pH of the blood, to add nutrients to the Wood, 
or to add fluid to the Wood, among other reasons. A third 

so pump 66 is connected in the primary circuit 38 at the 
exit of the blood from the primary chamber 44 and prior 
to returning the blood in the return line 35 to the patient 
32. The third pump 66 delivers the replacement fluid 
from a replacement fluid container 68 through a 

55 replacement fluid line 70. The replacement fluid con- 
tainer 68 is connected to scales 72 which weigh the 
content of the replacement f iuid within the replacement 
fluid container. Alternatively, the replacement fluid line 
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70 can be connected to the primary circuit 38 upstream 
of the primary chamber 44. 

A secondary flow circuit 74 also interacts with the 
filtration unit 40. The secondary flow circuit 74 is con- 
nected to the secondary chamber 46. Matter extracor- 
poreally added to the blood is delivered to the 
secondary chamber 46 through the secondary flow cir- 
cuit 74, and matter extracorporeal^ removed from the 
blood is removed from the secondary chamber 46 
through the secondary flow circuit 74. In some extracor- 
poreal blood treatment protocols, all of the components 
of the secondary flow circuit 74 may not be used and/or 
functioning. The secondary flow circuit 74 includes the 
secondary chamber 46 of the filtration unit 40, a sec- 
ondary fluid container 76, fourth pump 78, a secondary 
fluid line 80, a collection fluid line 82, fourth pressure 
sensor 83. a fifth pump 84, a leak detector 85 and a col- 
lection container 86. 

The secondary fluid container 76 contains a sterile 
fluid, generally isotonic to blood, into which blood impu- 
rities will diffuse through the membrane 42 of the filtra- 
tion unit 40. The pump 78 is connected in secondary 
fluid line 80 for delivering a secondary fluid from the 
secondary fluid container 76 into an entrance to the 
secondary chamber 46. The secondary fluid container 
76 is connected to scales 90 which weigh the second- 
ary fluid in the secondary fluid container. 

The collection container 86 is provided to collect or 
receive matter from the blood transferred across the 
semipermeable membrane 42 and/or to receive the 
used secondary fluid after it has passed through the 
secondary chamber 46. The collection container 86 is 
connected to scales 92 which weigh the content of the 
body fluid which has been collected in the collection 
container. The fifth pump 84 is connected to the collec- 
tion line 82 for moving body fluid from the primary cham- 
ber 44 into the collection fluid container 86. The fourth 
pressure sensor 83 is also located in the collection line 
82 for the purpose of monitoring the pressure in the sec- 
ondary chamber. Also, plugging of the pores of the 
membrane 42 can be detected by monitoring the aver- 
age pressure upstream and downstream of the filter as 
sensed by second and third pressure sensors 53 and 
54, the pressure in the collection line 82 as sensed by 
fourth pressure sensor 83 and the actual f tow rate of the 
collection fluid as measured by scales 92. 

The leak detector 85 is also located in the collection 
line 82. The leak detector 85 is one of many known in 
the art and detects blood leaking into the secondary 
chamber by detecting blood in the collection fluid, typi- 
cally by optical means. 

As can generally be appreciated from FIGS. 1 and 
2, the apparatus 30 includes a filtration unit retention 
device 94 which holds the filtration unit 40 and much of 
the flow tubing lines connecting the elements in the pri- 
mary and secondary flow circuits 38 and 74, which are 
preferably formed as an integral; replaceable Wood 
treatment module. 



Specifically, the blood treatment module comprise 
the filtration unit 40 mounted on a diamond shaped sup- 
port, with the blood access line 34 and the blood return 
line 35 connected to the inlet and to the outlet of the pri- 
5 mary chamber 44 of the filtration unit 40, respectively, 
and with the secondary fluid line 80 and the collection 
fluid line 82 connected to the inlet and to the outlet of the 
secondary chamber 46 of the filtration unit 40. The anti- 
coagulant fluid tine 65 is connected to the blood access 

ro line 34 and the replacement fluid line 70 is connected to 
the blood access line 34 or to the blood return line 35. 
The blood access line 34, the replacement fluid line 70, 
the secondary fluid line 80 and the collection fluid line 
82 each comprises a flexible tubing loop held by the dia- 

15 mond shaped support for fitting with the rotor of the cor- 
responding peristaltic pump 52, 66, 78, 84. 

The retention device 94 is operative for selectively 
receiving and retaining the blood treatment module in 
an operative position, and is alternatively operative for 

20 releasing the blood treatment module. Specifically, the 
retention device 94 is movable between an extended 
loading position where the diamond shaped support 
can be releasably mounted on the retention means and 
the tubing loops face the rotors of the peristaltic pumps 

25 52, 66. 78, 84 without engagement, and a retracted 
operative position, where the loops become automati- 
cally engaged around the rotors for cooperating with 
them. The retention device 94 releases the filtration unit 
40 from its operative connection to the device when 

30 treatment is completed. 

The SCM system 48 of the apparatus 30 includes a 
control computer 102 and a monitor computer 104, as 
shown in FIG. 2. The primary function of the control 
computer 102 is to supply control signals to control the 

35 operation of the pumps 52, 62. 66, 78 and 84, to the 
return clamp 60 and to the retention device 94. The pri- 
mary function of the monitor computer 104 is to monitor 
the functionality of the pumps 52, 62. 66, 78 and 84, the 
return clamp 60, the pressures sensed by pressure sen- 

40 sors 51 , 53, 54, and 83, and the weights sensed by the 
scales 72, 90 and 92, by responding to monitor signals 
supplied to the monitor computer 104 from these com- 
ponents. The control and monitor signals may be selec- 
tively communicated between the two computers 102 

45 and 104 through a dual ported memory 1 10. Although 
two computers 102 and 104 are utilized, it should be 
recognized that a single computer receiving all of the 
signals could be employed to achieve the same func- 
tions as described herein. 

so The control and monitor computers 102 and 104 
are connected in control and monitor signal paths 106 
and 108, respectively, with each of the pumps 52, 62, 
66, 78 and 84, each of the scales 72, 90 and 92, the 
bubble detector 58 and return damp 60. The pressure 

55 sensors 51 , 53, 54, and 83 and the leak detector 85 are 
connected only to monitor signal path 108. Pressure 
monitor signals are derived by the pressure sensors 51 . 
53, 54. and 83 and are delivered over the monitor signal 
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path 108 to the monitor computer 104. Pump monitor 
signals are derived from operation of the pumps 52, 62, 
66, 78 and 84 and are also supplied over the signal path 
108 to the monitor computer 104. Each of the scales 72, 
90 and 92 derives weight monitor signals which are 
delivered over the signal path 108 to the monitor com- 
puter 104. Monitor signals from the leak detector 85, 
bubble detector 58 and return clamp 60 are also deliv- 
ered over the signal path 108 to the monitor computer 
104. Control signals from the control computer 102 are 
delivered over the control signal path 106 to the pumps 
52, 62, 66, 78 and 84 to control their operation, to the 
bubble detector 58 to control the self-test thereof and 
monitor for bubbles, to the return clamp 60 to control its 
operation, and to the retention device 94 to control its 
operation. In addition, control signals derived by the 
scales 72, 90 and 92 are also supplied over the control 
signal path 106 to the control computer 102, since the 
signals supplied from the scales 72, 90, and 92 are 
used by the control computer 102 to assist in deriving 
the control signals supplied to the pumps 52, 62, 66, 78 
and 84. 

Selection of the treatment protocol and communi- 
cation with the SCM system 48 is achieved by use of a 
input/output (I/O) device 112 which comprises a display 
116 connected to the monitor computer 104 and a touch 
sensitive panel 1 16 connected to the control computer 
102. Information concerning the functionality of the 
apparatus 30 is displayed to an operator through the 
display 1 14. Information and instructions from the oper- 
ator are supplied to control computer 102 via the touch 
sensitive panel 116. 

The signal paths 106 and 108 which conduct the 
control and monitoring signals to and from the compo- 
nents 50 of the apparatus 30 and the various compo- 
nents of the control and monitor computers 102 and 1 04 
of the SCM system 48 and the interaction of the com- 
puters 102 and 104 with the other components 50 of the 
apparatus 30 to perform any one of a plurality of extra- 
corporeal blood treatments are shown in greater detail 
in FIGS. 3a and 3b. The individual components of the 
control and monitor computers 102 and 104 are 
mounted on or installed inside a housing 120 (FIG. 1) of 
the apparatus 30. 

The control computer 102 includes a control proc- 
essor 122 and a control memory 123 connected by a 
control bus 124. As is conventional, the control proces- 
sor 122 retrieves and stores instructions and data in the 
control memory 123, and while executing instructions 
utilizes data supplied to it over the bus 124 from the 
monitor computer 104 through the memory 110 and 
from some of the other components. The control signals 
are sent by the control processor 122 over the control 
bus 124. The control signal path 106 over which the 
control signals are sent includes the bus 124 and addi- 
tional components which convert analog signals to dig- 
ital signals when appropriate for interacting with the 
components 50 (FIG. 2). More details concerning the 



control signal path 106, the control signals conducted 
over the control path 106 and the operability of the con- 
trol computer 102 obtained through communication of 
these signals is described below. 

5 Signals are received by the control processor 122 
over the control bus 124 from the touch panel 1 16 rep- 
resenting information or instructions from the operator 
about the treatment to be conducted or being con- 
ducted. The control processor 122 subsequently trans- 

w mits signals over the control bus 124 to conduct or halt 
a treatment in accordance with the information and 
instructions. 

The control processor 122 transmits signals over 
the control bus 124 to a conventional motor drive (cir- 

15 cuitry) 128. The digital control signals supplied by the 
control processor 122 are received and interpreted by 
the motor controller 128 to select a particular one of the 
pumps 52, 66, 78 or 84 connected to the motor control- 
ler and to control the selected pump's operation, rate of 

20 operation and direction of operation. 

As previously noted, the primary function of the first 
pump 52 is to control the rate of blood flow through the 
primary circuit 38 and to prime the primary circuit with a 
sterile solution prior to commencement of the treatment. 

25 If the treatment to be performed requires the introduc- 
tion of replacement fluid into the blood before its return 
to the patient 32, the control processor 122 also sends 
signals over the control bus 124 to the motor driver 128 
to the third pump 66 and the fifth pump 84 to cause the 

30 third pump 66 to dispense replacement fluid from the 
replacement fluid container 68 into the replacement 
fluid line 70 and thence to the return line 35 at a rate 
indicated by the signals and to cause the fifth pump 84 
to remove the desired volume of body fluid. Additionally, 

35 if the replacement fluid line 70 is to be primed, appropri- 
ate signals from the control processor 122 to the third 
pump 66 about the direction and rate of pumping of the 
third pump can be transmitted over the control bus 124 
to the motor driver circuitry 128. If the treatment to be 

40 performed requires a flow of secondary fluid into the 
secondary chamber 46, the control processor 122 also 
sends signals over the control bus 1 24 to the motor con- 
troller 128 to cause the fourth pump 78 to dispense sec- 
ondary fluid from the secondary fluid container 76 into 

45 the secondary fluid line 80 for introduction into the sec- 
ondary chamber 46 at a particular pumping rate. If 
pumping by the fourth pump 78 is to be terminated, 
appropriate signals are sent by the control processor 
1 22 over the control bus 1 24 to the motor controller 1 28. 

50 All treatments require pumping by the fifth pump 84 
to cause fluid in the secondary chamber 46 and, possi- 
bly, in the primary chamber 44, to be withdrawn into the 
collection line 82 and collected in the collection fluid 
container 86 at a desired rate. Signals about the rate 

55 and direction of pumping of the fifth pump 84 are also 
transmitted by the control processor 122 over the con- 
trol bus 1 24 to the motor controller 1 28 to the fifth pump. 
The control processor 122 also sends signals via 
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the control bus 124 directly to the second pump 62 to 
cause a controlled release of anticoagulant into the pri- 
mary circuit 38 to prevent undesirable coagulation of the 
blood in the primary chamber 44 and while flowing 
through the primary circuit 38. 

The control processor 122 also sends signals over 
the control bus 124 to the return clamp 60 to open the 
return clamp when treatment is initiated so as to allow 
treated blood to be returned to the patient 32 and to 
close the return clamp when treatment is interrupted or 
terminated. 

The control processor 122 transmits signals over 
the control bus 124 to a stepper motor driver 130 to acti- 
vate a stepper motor and cause the retention device 94 
to accept or release the filtration unit 40 and the primary 
and secondary fluid flow circuit conductors in the peri- 
staltic pumps. Consequently, the filtration unit 40 and 
the primary and secondary fluid flow circuits 38 and 74 
are maintained in position on the apparatus 30. 

Control signals are also received by the control 
processor 122 relating to the weights of the containers 
68. 76 and 86 detected by the scales 72, 90 and 92. 
Each of the scales 72, 90 and 92 comprises two parts 
"a" and tf, supplying two independent signals corre- 
sponding to the same container. One part supplies sig- 
nals to the control computer 102 and the other part 
supplies signals to the monitor computer 104. Initially, 
analog signals from the scales 72a, 90a and 92a repre- 
senting the weight of the contents of the supply and col- 
lection containers 68, 76 and 86 (FIGS. 1 and 2) 
measured by the scales 72a, 90a and 92a are applied to 
a conventional first analog multiplexer 136. The multi- 
plexer 136 connects a desired weight signal to a con- 
ventional first analog-to-digital (A/D) convenor 138. The 
first A/D convenor 138 converts the analog signal from 
the scale to a calibrated digital signal. The digital signal 
represents the weight one of the scales 72, 90 or 92 and 
the identity of the scale from which the weight measure- 
ment originated and is sent to the control bus 124. In 
this manner the weight signal of the selected scale is 
made available to the control processor 122. 

The signals from the scales 72a, 90a and 92a may 
be utilized by the control processor 1 22 to determine the 
weight of the particular fluid dispensed or collected. To 
determine the rate of fluid dispensing from or collecting 
into a particular container, the control processor 122 
compares, at regular intervals (the higher the flow rate, 
the shorter the interval), the actual weight of the con- 
tainer to the desired weight. The desired weight can be 
calculated from the desired flow rate stored in the com- 
puter memory and the treatment time elapsed. If the 
actual weight and the desired weight differ, the control 
processor 122 controls the corresponding pump in 
order to decrease, and eventually to cancel, the differ- 
ence. The control processor 122 takes into account the 
change in the difference since the latest comparison in 
order to avoid oscillations of the actual flow rate around 
the desired flow rate. 



The monitor computer 104 includes a monitor proc- 
essor 140 and a monitor memory 142 connected by a 
monitor bus 144. As is conventional, the monitor proc- 
essor 140 retrieves and stores instructions and data in 

s the monitor memory 142, and while executing instruc- 
tions utilizes data supplied to it over the bus 144 from 
the control computer 102 through the memory 110 and 
from some of the other components. The monitor sig- 
nals are sent by the components 50 to the monitor proc- 

w essor 1 40 over the monitor signal path 1 08. The monitor 
signal path 108 includes the bus 144 and additional 
components which convert analog signals to digital sig- 
nals. More details concerning the monitor signal path 
108, the monitor signals conducted over the path 108 

t5 and the operability of the monitor computer 104 
obtained through communication of these signals is 
described below. 

Signals are transmitted over the monitor bus 144 to 
the display 1 1 4 of the I/O device 1 1 2 to cause display of 

20 information about the treatment being performed 
derived from the monitor processor 140. Signals are 
also transmitted over the monitor bus 144 to the control 
processor 122 about the particular screen appearing on 
the display 114. 

25 Monitor signals are received by the monitor proces- 
sor 140 relating to the weights of the containers 68, 76 
and 86 detected by the scales 72b, 90b and 92b. Ini- 
tially, analog signals from the scales 72b, 90b and 92b 
representing the weight of the contents of the contain- 
so ers 68, 76 and 86 (FIGS. 1 and 2) are applied to a sec- 
ond analog multiplexer 146. The multiplexer 146 then 
connects the weight signal to a conventional second 
analog-to-digital (A/D) convenor 148. The second A/D 
convertor 148 converts the analog signal from the 

35 selected scale to a digital signal. The digital signal rep- 
resents the weight measured by one of the scales 72b, 
90b or 92b and the identity of the scale from which the 
weight measurement originated and is sent to the mon- 
itor bus 144. In this manner the weight signal of the 

40 scale is made available to the monitor processor 1 40. 

The signals from the scales 72b, 90b and 92b may 
be utilized by the monitor processor 140 to determine 
the weight of the particular fluid dispensed or collected. 
To determine the rate of fluid dispensing from, or collect- 

45 ing into, a particular container, the monitor processor 
140 compares, at regular intervals (the higher the flow 
rate, the shorter the interval), the actual weight of the 
container to the desired weight. The desired weight can 
be calculated from the desired flow rate stored in the 

50 computer memory and the treatment time elapsed. If 
the actual and the desired weight differ, the monitor 
processor 140 determines the flow rate of the corre- 
sponding pump, which will result in the decrease, and 
the eventual cancellation, of the difference, taking into 

55 account the change in the difference since the latest 
comparison. 

Monitor signals include signals received by the 
monitor computer 104 over the monitor bus 144 from a 
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pump monitor 149, a component of the signal path 108. 
During treatment each of the pumps 52, 66. 78 and 84 
transmits signals to the pump monitor 149 about the 
rate of pumping of each of the pumps. When the pumps 
52, 66, 78 and 84 are peristaltic pumps, the signals 
received by the pump monitor 1 49 may be digital signals 
indicating the number of revolutions of the pump 52, 66, 
78 or 84 performed during a designated time period, 
which is indicative of the rate of pumping of the pump 
52, 66, 78 or 84 so measured. 

The pump 62 transmits signals directly to the moni- 
tor bus 144 about the rate of dispensing of anticoagu- 
lant. Whether the return clamp 60 is open or closed is 
also communicated to the monitor processor 140 over 
the monitor bus 144 via a signal from the clamp. 

Monitor signals are received by the monitor proces- 
sor 140 relating to the pressures detected by each of 
the first, second, third and fourth pressure sensors 51 , 
53, 54 and 83. Initially, analog signals from the pressure 
sensors 51 , 53, 54 and 83 representing the pressure in 
primary and secondary circuits 38 and 74 (FIGS. 1 and 
2) are applied to a conventional third analog multiplexer 
150. The multiplexer 150 then connects the desired 
pressure measurement signal to a conventional third 
analog to-digital (A/D) convenor 152. The third A/D con- 
verter 152 converts the analog signal from the pressure 
sensor to a digital signal. The digital signal represents 
the pressure measured by the pressure sensors 51 , 53, 
54 and 83 and the identity of the pressure sensor from 
which the measurement originated and is sent to the 
monitor bus 144. In this manner the pressure measure- 
ment signal of the pressure sensor is made available to 
the monitor processor 140. 

The signals from the pressure sensors 51, 53, 54 
and 83 may be utilized by the monitor processor 140 to 
determine integrity of the primary and secondary cir- 
cuits 38 and 74, and the condition of the semipermeable 
membrane 42, among other determinations. The deter- 
minations made by the monitor processor 140 are used 
to monitor the status of the apparatus 30 and the status 
of the treatment being performed. Based on these 
determinations, the monitor processor 140 reacts to 
perceived alarm conditions and notifies the operator 
about such alarm conditions by emitting an alarm and 
displaying information about the alarm, as is further 
described below. 

When the pressure sensors 51, 53, 54 and 83 are 
of a conventional design comprising a disposable cham- 
ber connected to a non disposable pressure transducer, 
the integrity of the pressure sensor chambers may be 
monitored by the monitor processor 1 40. Such pressure 
sensors have a flexible membrane located in the middle 
of the disposable chamber which divides the chamber 
into a first compartment in which the liquid to be meas- 
ured flows, and a second compartment filled with air 
which is connected to the pressure transducer. A 
method for detecting the integrity of the pressure sensor 
chambers is further described below. 



The monitor processor 140 is in two-way communi- 
cation with the leak detector 85 via signals sent over the 
monitor bus 144. The leak detector 85, in cooperation 
with the monitor processor 1 40, conducts self-tests peri- 

5 odically to determine its operational integrity. 

The monitor processor 140 and the control proces- 
sor 122 are in two-way communication with the bubble 
detector 58 via signals sent over the monitorbus 144 
and the control bus 124, respectively. The bubble detec- 

w tor 58 comprises a signal emitter 154 which transmits 
signals (preferably ultrasonic or light) through the blood 
flowing in the return line 35 to be received by a receiver 
156 located on the other side of the return line. The sig- 
nals are altered when bubbles or microbubbles are 

15 present in the line 35. Signals generated by the receiver 
156 of the bubble detector and corresponding to either 
the absence of a bubble, or to a "big" bubble or to micro- 
bubbles, are supplied to the monitor and control proces- 
sors 140 and 122. In addition, the control processor 122 

20 sends signals regularly to the bubble detector 58 in 
order to test its operative integrity as to the detection of 
microbubbles and the monitor processor 140 regularly 
sends signals to the bubble detector 58 in order to test 
its operative integrity as to the detection of "big* bub- 

25 bles. Each time either the control or monitor processor 
1 22 or 1 40 initiates a test, it sends simultaneously a sig- 
nal to the other processor to inform the other processor 
a test has been initiated. 

Signals read by the monitor processor 140 about 

30 the treatment being performed including the rates of 
operation of each of the pumps 52, 62, 66, 78 and 84, 
the rate of fluid dispensing and collection, the status of 
the return clamp 60, the presence and volume of bub- 
bles, the presence of blood leaks or of other conditions 

35 detected jeopardizing the safety of the treatment and 
other information are used to interpret alarm conditions. 

A number of different protocols for extracorporeal 
blood treatment may be selected for performance by the 
apparatus 30. Those treatments include ultrafiltration 

40 (UF), hemofiltration (HF), hemodialysis (HD) and hemo- 
diaf iltration (HDF). In UF, blood is allow to pass through 
the primary chamber 44 of the filtration unit 40. Treat- 
ment is achieved when matter from the blood migrates 
across the semipermeable membrane 42 into the sec- 

45 ondary chamber 46. Treated blood exiting the primary 
chamber 44 flows into the return line 35 for return to the 
patient 32. The rate of transfer of matter from the blood 
in the primary chamber 44 across a semipermeable 
membrane 42 into the secondary chamber 46 is deter- 
so mined in part by the rate of pumping of the fifth pump 84 
which causes collection fluid exiting the secondary 
chamber 46 into the collection fluid line 82 to be 
removed to the collection fluid container 86. When UF is 
performed on blood controllaWy removed by the first 

55 pump 52 from a venous source of the patient, the treat- 
ment being conducted is slow continuous ultrafiltration 
(SCUF). 

In HF, blood is treated as in UF, but in addition, 
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replacement fluid is dispensed from the replacement 
fluid container 68 by action of the third pump 66 into the 
treated blood being returned to the patient, it being 
understood that while replacement fluid is described 
here as dispensed into treated blood, alternatively 
replacement fluid may be dispensed into blood prior to 
treatment in the filtration unit. Thus, to perform HF, the 
control processor 122 sends signals as described 
above to automatically operate the first, second, third 
and fifth pumps 52, 62, 66 and 84. The fourth pump 78 
is not operated. When HF is performed on blood con- 
trollably removed by the first pump 52 from a venous 
source of the patient and is return to a venous return 
point, the treatment being conducted is continuous ven- 
ovenous hemofiltration (CWHF). 

HD is performed rf further control of the matter to be 
removed from the blood during treatment is desired or rf 
matter is to be added to the blood during treatment. HD 
requires the dispensing of secondary fluid from the sec- 
ondary fluid container 76 into the secondary fluid line 80 
by pumping action of the fourth pump 78. As the sec- 
ondary fluid passes through the secondary chamber 46 
of the filtration unit 40, matter diffuses across the semi- 
permeable membrane 42 into the Wood and from the 
blood in the primary chamber 44. Collection fluid is then 
collected from the outlet of the secondary chamber 46 
and pumped by the fifth pump 84 to the collection con- 
tainer 86. Thus, to perform HD, the control processor 
122 sends signals as described above to automatically 
operate the first, second, fourth and fifth pumps 52, 62, 
78 and 84. When HD is performed on blood controllably 
removed by the first pump 52 from a venous source of 
the patient and is return to a venous return point, the 
treatment being conducted is continuous venovenous 
hemodialysis (CWHD). 

HDF involves the performance of HD and the addi- 
tion of replacement fluid as in HF. To perform HDF, the 
control processor 122 sends signals as described 
above to cause the first second, third, fourth and fifth 
pumps 52, 62, 66, 78 and 84 to automatically operate at 
desired rates. When HDF is performed on blood control- 
lably removed by the first pump 52 from a venous 
source of the patient and is return to a venous return 
point, the treatment being conducted is continuous ven- 
ovenous hemodiafiltration (CWHDF). 

Information about the treatment protocol to be or 
being performed, the rates and direction of operation of 
each of the pumps 52, 62, 66, 78 and 84, the desired 
rate of fluid dispensing and collection, the desired rate 
of blood flow, and all the other information concerning 
each treatment protocol is stored in the memory 123, is 
modified by the operator or is newly input by the opera- 
tor, in steps more fully described below. Based upon the 
desired rates, calculations are performed by the control 
processor 1 22 to determine a target rate of collection of 
collection fluid. For example, if a particular treatment 
protocol is not in memory, the operator enters in the 
desired rate of blood flow through the primary circuit. 



the rate of dispensing of anticoagulant (rate AC), the 
rate of dispensing of secondary fluid (rate D). the rate of 
dispensing replacement fluid (rate R), and the desired 
rate of removal of fluid from the patient (rate WL). Upon 
5 receipt of this information, the control processor 122 
calculates the rate of collection of collection fluid (rate 
W) based upon the formula : 

W = WL + R+D + AC. 

70 

(The rate AC may be disregarded if the rate AC is deter- 
mined to be negligible.) Alternatively, if a particular pro- 
tocol is already in memory, the blood flow rate and the 
rates AC, D, R, and WL will be retrieved from the control 

15 memory 123 and the rate W calculated. If these values 
are deemed by the operator to be satisfactory, the oper- 
ator accepts the values, as further described below, ff, 
however, the operator desires to modify one or more of 
the rates, the operator inputs the modified rate(s) via the 

20 touch panel 116 and the control processor 122 calcu- 
lates the revised collection fluid flow rate W. 

During treatment, based upon the rate information 
collected and calculated as above, each of the pumps 
52, 62, 66 and 78 is individually and controllably oper- 

25 ated by the control computer 102 to maintain the rates 
in accordance with the rate information, as previously 
described. However, the rate of operation of the fifth 
pump 84 during treatment is determined during treat- 
ment by the control processor 122 comparing the rate 

30 W being achieved during treatment with the desired rate 
W previously calculated. 

To select, set or modify one of the treatment proto- 
cols, the operator supplies input information to the con- 
trol computer 102 through the I/O device 112. The flow 

35 chart 200 of FIG. 4 represents the steps performed dur- 
ing the selection and performance of the treatment pro- 
tocols. For convenience, each step is referenced by a 
designated number. Each step may also be described 
as being performed in conjunction with components 

40 described in FIGS. 1, 2, 3a or 3b. References to the 
components in FIGS. 1, 2, 3a and 3b are made in con- 
junction with the description of the steps shown in FIG. 
4. 

The power-up step 202 occurs ipon starting the 
45 apparatus 30 and allows the operator to indicate a read- 
iness to proceed with setting up the apparatus for treat- 
ment of a patient 32. The operator communicates that 
readiness and all other instructions and information to 
the control processor 122 by input signals resulting from 
so touching the touch panel 1 1 6 of the I/O device 1 1 2. 

Upon receipt of the signal to proceed, a patient 
selection step 204 is performed. The patient selection 
step 204 allows the operator to supply information via 
the touch panel 116 and choose to either identify a 
55 patient for which treatment has been just previously per- 
formed and thereby retain that patient's operating 
parameters information previously stored to the control 
memory 123. or to erase previous information to start a 
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new patient, or to add new treatment protocols, or to 
select and modify treatment protocols previously stored. 
If the operator selects the same patient about which 
treatment information is previously stored, the function- 
ality proceeds to a treatment selection step 206. 

If the operator desires to perform a treatment on a 
new patient, old data are deleted from memory and 
information about the new patient is input via the touch 
panel 116 and is automatically stored in the control 
memory 123, after which the functionality proceeds to 
the treatment selection step 206. 

If the operator chooses to modify a pre-existing or 
pre-programmed treatment protocol, the treatment 
modification step 208 is performed. During the treat- 
ment modification step 208, parameters about a treat- 
ment previously stored to the control memory 123 are 
retrieved and are modified by operator input, with the 
modified treatment protocol automatically then being 
stored in memory. Such parameters include types and 
rates of fluids to be dispensed during treatment, rate of 
collection of collection fluid, blood flow rate, pressures 
levels to be maintained in the primary and secondary 
circuits 38 and 74, frequency of replacement of the fil- 
tration unit 40 and duration of treatment, for example. In 
addition to treatments previously stored, new treatment 
protocols may be added and stored in the control mem- 
ory 123. New treatment protocols can incorporate a pre- 
viously stored treatment protocol for which parameters 
are modified for a different class of patients, such as the 
parameters for performing CWH in children weighing 
between 28 to 32,5 kilograms. After the treatment mod- 
ification step 208 has been performed, the functionality 
returns to the patient selection step 204 and then moves 
to the treatment selection step 206. 

The treatment selection step 206 allows the opera- 
tor to select the treatment to be performed by the appa- 
ratus 30, such as, for example, choosing from among 
SCUF, CWH, CWHD and CWHDF. Once the treat- 
ment has been selected, operation will continue based 
upon the treatment parameters associated with the 
selected treatment. Functionality then proceeds auto- 
matically to the load filtration unit step 210. 

During the load filtration unit step 210, the operator 
is instructed via the display 114 about how to load the 
filtration unit 40 in the retention device 94 and the tubes 
of the primary and secondary circuits 38 and 74 into the 
pumps 52, 66, 78 and 84 when the filtration unit and the 
primary and secondary circuits are integrally connected 
as part of the filtration unit 40 (FIGS. 1 and 2). The 
retention device is extended automatically to accept the 
filtration unit 40 and the primary and secondary circuits 
38 and 74. Upon receipt from the operator of touch 
panel 116 input, the retention device 94 receivably 
retains the filtration unit 40 and the primary and second- 
ary circuits 38 and 74 in place and loading is complete. 
Functionality then proceeds automatically to the load 
fluids step 212. 

During the load fluids step 212, the operator is 



instructed from instructions preprogrammed in memory 
via the display 1 14 about which fluids to provide to per- 
form the selected treatment. For example, if any of 
SCUF, CWH, CWHD, or CWHDF is to be performed, 

5 the operator is instructed to provide an anticoagulant if 
desired. If CWH or CWHDF is to be performed, the 
operator is instructed to provide replacement fluid. If 
CWHD or CWHDF is to be performed, the operator is 
instructed to provide secondary fluid. Once the fluids in 

70 their containers are appropriately loaded onto the 
scales 72, 90 and 92 (FIGS. 1 and 2), the operator 
instructs the functionality to continue, at which point 
functionality proceeds automatically to the connect lines 
step 214. 

15 During the connect lines step 214, the operator is 
instructed via the display 114 about which lines to con- 
nect to which fluid containers. For example, if any of 
SCUF, CWH, CWHD or CWHDF is to be performed, 
the operator is instructed to connect the line from the 

20 anticoagulant container 64, if used, to the access line 34 
and the collection line 82 from the secondary chamber 
46 to the collection container 86. If CWH or CWHDF is 
to be performed, the operator is instructed to connect 
the replacement fluid line 70 to the replacement fluid 

25 container 68. If CWHD or CWHDF is to be performed, 
the operator is instructed to connect the secondary fluid 
line 80 to the secondary fluid container 76. once the 
lines are appropriately connected, further operator 
instruction causes the functionality to automatically pro- 

30 ceed to the prime circuits step 216. 

During the prime circuits step 216, the operator is 
instructed via the display 114 about priming the primary 
and secondary circuits 38 and 74. For all treatment pro- 
tocols, the second pump 62 is automatically signaled by 

35 the control processor 122 to pump anticoagulant into 
the line 65 in which anticoagulant is dispensed into the 
access line 34. For all treatment protocols the operator 
is instructed to provide priming solution to the primary 
circuit 38 by connecting a priming liquid container to 

40 return line 35 and a collection container to the access 
line 34. 

The priming of the primary circuit 38 is performed 
by continuously operating the first pump 52, throughout 
the prime circuits step 216, in a reverse direction with 

45 respect to its operation during the treatment In order to 
help degas the primary circuit, the blood return line may 
be initially closed by a clamp, before operating the first 
pump 52. Then, by operating the pump, a first predeter- 
mined negative pressure is generated in the circuit (360 

so mmHg, for example). The blood return line is then par- 
tially opened in order that the pressure in the primary 
circuit remains below a second predetermined negative 
pressure (560 mmHg, for example) until the priming 
fluid reaches the collection reservoir. Finally the clamp 

55 is removed from the Wood return line and the priming 
fluid is circulated for the predetermined priming time. 

The priming of the remaining circuits (secondary 
circuit 74 and replacement fluid line 70) is performed dif- 
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ferently depending on the treatment protocol selected. If 
the treatment protocol selected is UF, after the primary 
circuit 38 is filled with priming fluid, the fifth pump 84 is 
operated in the same direction as during the treatment 
until the end of the prime circuits step 216. As a conse- $ 
quence, priming fluid is ultrafirtered through the mem- 
brane 42 from the primary chamber 44 of the filter 40 
into the secondary chamber 46 and is circulated into the 
collection container 86. Also, when the primary circuit 
38 is filled with priming fluid, the third pump 66 is oper- 10 
ated for a fraction of the time of the prime circuit step 
216, in a reverse direction with respect to its operation 
during the treatment. The third pump 66 thus partially 
fills the replacement fluid line 70 so that no blood/air 
interface occurs during the treatment at the connection 75 
between the primary circuit 38 and the replacement 
fluid line 70. Similarly, when the secondary chamber 46 
is filled with priming fluid, the fourth pump 78 is oper- 
ated for a fraction of the time of the prime circuits step 
216, in a reverse direction with respect to its operation 20 
during the treatment, in order to partially fill the second- 
ary fluid line 80. 

If the treatment protocol selected is HF, the priming 
process is the same as previously described, except as 
to the replacement fluid line 70. Since a replacement 25 
fluid container 68 is now connected to the replacement 
fluid line 70, the priming of this line is performed by cir- 
culating replacement fluid from the container 68 into the 
primary circuit 38, operating the third pump 66 in the 
same direction as during the treatment for a fraction of 30 
the time of the prime circuits step 216. 

If the treatment protocol selected is HD, the priming 
process is the same as described for UF, except as to 
the secondary fluid line 80. Since a secondary fluid con- 
tainer 76 is now connected to the secondary fluid line 35 
80, the priming of this line is performed by circulating 
secondary fluid from the container 76 into the second- 
ary chamber 46, operating the fourth pump 78 in the 
same direction as during the treatment for a fraction of 
the time of the prime circuits step 216. 40 

If the treatment protocol selected is HDF, the prim- 
ing process is the same as described for HD, except as 
to the replacement fluid line 70. Since a replacement 
fluid container 68 is now connected to the replacement 
fluid line 70, the priming of this line is performed by cir- 45 
culating replacement fluid from the container 68 into the 
primary circuit 38, operating the third pump 66 in the 
same direction as during the treatment for a fraction of 
the time of the prime circuits step 216. 

Whatever the priming process performed, it ends so 
with a priming test comprising the steps of: 

1 - clamping the return line 35 with the return clamp 
60; 

2 - operating the first pump 52 in the same direction ss 
as during the treatment, for a determined period of 
time; 

3 - checking that the pressure in the primary circuit 



38 between the f irst pump 52 and the return clamp 
60 has reached a predetermined threshold and 
remains above this threshold all over the priming 
test; 

4 - indicating an alarm if one of the conditions of the 
preceding step is not realized ; 

5 - operating the first pump 52 in a reverse direction 
in order to compensate its previous operation ; and 

6 - opening the return clamp 60. 

Steps 1 , 2, 5, 6 of the priming test are performed by 
control processor 122 and steps 3, 4 are performed by 
monitor processor 140. After priming is complete, the 
functionality automatically proceeds to the display flow 
rates step 218. 

The display flow rates step 218 involves the display 
of flow rates to be achieved with the treatment selected 
on the display 114. Further operator instruction to con- 
tinue at this point causes the functionality to automati- 
cally proceed to the connect patient step 220. 

During the connect patient step 220, the operator is 
instructed to connect the access line 34 and the return 
line 35 to the patient 32. Once the lines 34 and 35 are 
appropriately connected, further operator instruction to 
continue at this point automatically causes the perform- 
ance of the treatment step at 222. 

During the perform treatment step 222, treatment 
commences in accordance with the treatment protocol 
selected. The pumps 52, 62, 66, 78 and 84 are operated 
as preprogrammed, effectively treating blood in the pri- 
mary circuit 38, dispensing fluids into the primary cir- 
cuit, and pumping secondary fluid as required into the 
secondary circuit 74 and collecting collection fluid from 
the secondary chamber as appropriate. Once treatment 
is initiated, functionality proceeds automatically to the 
treatment status step 224. 

During the treatment status step 224, the apparatus 
30 automatically continues performing the treatment 
protocol previously selected in accordance with the 
parameters associated with that protocol and displays 
information about the treatment on the display 1 14. At 
this point the apparatus 30 is responsive to operator 
input to proceed to the adjust flows step 226, during 
which treatment typically continues, to a history display 
step 228 during which treatment typically continues, or 
to a halt treatment step 230. (f the operator chooses to 
proceed to the adjust flows step 226, one or more flow 
rates may be changed. Once the new flow rate is input 
by the operator, the control processor 122 automatically 
recalculates new flow rates affected by the operator 
input. In the case when the resultant blood urtrafirtrate 
flow rate exceeds a predetermined percentage (20% for 
example) of the blood flow rate, the operator is so noti- 
fied. Otherwise, upon completion of the adjust flows 
step 226, the functionality is returned to the treatment 
status step 224 and the new flow rates are automatically 
acted upon by the control processor 122 with the 
selected treatment proceeding accordingly. 
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If the operator chooses the display history step 228, 
a history of the treatment being performed is displayed 
on the display 114. The processors 122 and 140 are 
responsive to operator input to proceed to the modify 
history step 232 or to return to the treatment status step 
224. During the modify history step 232, parameters 
controlling the display of treatment history may be mod- 
ified by the operator. After completing such modifica- 
tions the control processor 122 is responsive to 
operator input to return to the display history step 228 
and thence to the treatment status step 224. 

The functionality proceeds to the halt treatment 
step 230 as a result of operator request and as a result 
of detection of alarm conditions by either processor. 
During the halt treatment step 230, the ones of the 
pumps 52, 62, 66, 78 and 84 which have been operating 
are automatically instructed by signals transmitted by 
the control processor 122 to the motor controller 128 to 
cease pumping. If the operator elects to proceed to the 
return blood step 234, the operator is instructed to 
return the blood in the primary circuit 38 through the 
return line 35 to the patient 32. When the blood return 
step is complete, the functionality proceeds automati- 
cally to the disconnect patient step 236. 

During the disconnect patient step 236. the control 
processor 122 automatically causes the return clamp 
60 to close, if the return clamp 60 has not already been 
closed as part of an automatic response to an alarm 
condition. The operator is then instructed to disconnect 
the access and return lines 34 and 35 from the patient 
32. When disconnection of the patient is complete, the 
functionality proceeds to the unload filtration unit step 
238. 

During the unload filtration unit step 238, the opera- 
tor is instructed via the display 114 about how to unload 
the primary and secondary circuits 38 and 74 and the 
filtration unit 40 from the fluid containers and from reten- 
tion device 94 and the pumps 52, 66, 78 an 84. Discon- 
nection is accomplished when the control processor 
122 sends signals to cause the retention device 94 to 
automatically release the filtration unit. Once the unload 
filtration unit step 238 is complete, the control processor 
is responsive to operator instructions to return to the 
load filtration unit step 210, in which case the operator 
will effectively proceed with replacing the primary and 
secondary circuits 38 and 74 and the filtration unit 40 so 
as to continue in accordance with the steps of the flow 
chart 200. Alternatively, the processor 1 22 is responsive 
to instructions to end the treatment at step 240. 

The end treatment step 240 includes an automatic 
calculation of treatment data by the control processor 
122. Upon responsive input from the operator, the con- 
trol processor 1 22 causes the functionality to proceed to 
the output history step 242. If the apparatus 30 has a 
printer (not shown) attached to any of the busses 124 or 
144, the history of the treatment performed can be 
printed for retention in the patient's file. !n any esse, the 
history of the treatment performed can be displayed on 



the display 1 14 of the I/O device 112. The control proc- 
essors 122 is responsive to operator input to proceed to 
the end event step 244 at which point the apparatus 30 
may be powered off. 

5 When the control processor 122 receives signals 
from the monitor processor 1 40 about critical conditions 
in which the patient may be at risk while at step 226 as 
shown in FIG. 4, the control processor transmits signals 
via the control bus 124 to the motor controller 128 to 

10 instruct each of the pumps 52, 66, 78 and 84 which has 
be operating to halt, to instruct the second pump 62 to 
stop dispensing anticoagulant, to instruct the return 
clamp 60 to close, at which point the apparatus is con- 
sidered to be in a "safe state." The control processor 

75 122 also sends signals as appropriate to cause the sta- 
tus lights 126 to indicate the apparatus 30 has been put 
into a "safe state." The monitor processor 140 is notified 
that the apparatus 30 has entered a safe state via sig- 
nals from the control processor 122 transmitted over the 

20 control bus 1 24, to the dual ported memory 1 1 0 and the 
monitor bus 144. The monitor processor 140 also 
causes an audible alarm to be emitted. The various 
alarm conditions, operator options and mechanical 
responses are described in more detail below. 

25 One serious alarm condition, disconnection of the 
patient's return catheter, is suspected if the monitor 
processor 140 receives signals from the third pressure 
sensor 54 that pressure in the return line 35 is less than 
a predetermined value stored in the monitor memory 

30 142. Another serious alarm condition, disconnection of 
the access line 34 between the first pump 52 and the 
inlet port of the primary chamber 44, is suspected if the 
monitor processor 140 receives signals from the second 
pressure sensor 53 that pressure in the access line 34 

35 is less than a predetermined value stored in the monitor 
memory 142. Yet another serious alarm condition, dis- 
connection of the access catheter 33 at its connection to 
the access line 34 is suspected if the monitor processor 
140 receives signals from the first pressure sensor 51 

40 that pressure in the access line is more than a predeter- 
mined value stored in the monitor memory 142. If any of 
these conditions are detected, signals are sent to the 
control processor 122 via the dual ported memory 1 10 
so that the control processor can send appropriate sig- 

45 nals to cause the apparatus 30 to enter its safe state. 
The operator is notified of the situation via the display 
1 14 and via an audible alarm. Using the touch panel 
1 16, the operator can instruct the control processor 122 
to proceed to the flow adjustment step 226, to the dis- 

so connect patient step 236 (without performing the return 
blood step 234), or to override the alarm and continue 
treatment. In the latter case, the above alarm conditions 
is rechecked after a predetermined amount of time. 
The monitor processor 140 also signals an alarm 

55 oondition if it detects the filtration unit 40 is clotted. Fitter 
dotting is suspected if the monitor processor 140 
receives signals from the fourth pressure sensor 83 that 
are less than a predetermined value stored in the moni- 
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tor memory 142. If filter clotting is suspected, the moni- 
tor processor 140 transmits signals to the control 
processor 122 to put the apparatus 30 in its safe state. 
The operator is notified via the display 114 and via an 
audible alarm. Using a touch panel 1 16 the operator can 
proceed to the disconnect patient step 236 or may 
instruct the control processor 1 22 to continue treatment, 
in which case the monitor processor 140 determines if 
the alarm condition has been remedied and if remedied, 
notifies the control processor 122 to release the return 
clamp 60 and begin operating the pumps 52, 62, 66, 78 
and 84 in accordance with the previously selected treat- 
ment. 

If the monitor processor 140 receives signals from 
the leak detector 85 indicating a leakage of blood from 
the filtration unit 40. the monitor processor will send sig- 
nals via the dual ported memory 1 10 to the control proc- 
essor 122 so that the control processor may put the 
apparatus 30 in its safe state. The operator is notified of 
the situation via the display 114 and via an audible 
alarm, and using the touch panel 116, can instruct the 
control processor 122 to override the alarm and con- 
tinue treatment in which case the alarm condition is 
rechecked after a predetermined time, or can proceed 
to the disconnect patient step 240. 

If the monitor processor 140 receives signals from 
the bubble detector 58 that one or more full-size bubbles 
have been detected, the monitor processor will send 
signals via the dual ported memory 110 to the control 
processor 1 22 so that the control processor may put the 
apparatus 30 in its safe state. The operator is notified of 
the situation via the display 114 and via an audible 
alarm, and using the touch panel 116, can instruct the 
control processor 122 to override the alarm and con- 
tinue treatment in which case the alarm condition is 
rechecked immediately after the instruction is given, or 
can proceed to the disconnect patient step 236. 

If the monitor processor 140 receives signals from 
the bubble detector 58 indicating that the total volume of 
gases in the form of microbubbles carried in the return 
blood during treatment meets or exceeds a predeter- 
mined volume stored in the monitor memory 142, the 
monitor processor will send signals via the dual ported 
memory 110 to the control processor 122 to put the 
apparatus 30 in its safe state. The operator is notified of 
the situation via the display 114 and via an audible 
alarm, and using the touch panel 116, can instruct the 
control processor 122 to override the alarm and con- 
tinue treatment or can select proceed to the disconnect 
patient step 236. 

In a custom mode, the operator can set a return 
blood pressure maximum above which an alarm condi- 
tion is detected and an access pressure minimum below 
which an alarm condition is detected, while at the adjust 
flow step 226 shown in FIG. 4. If the monitor processor 
140 detects that the access pressure measured by the 
first pressure sensor 51 falls below the minimum pres- 
sure previously set and stored in control and monitor 



memories 123 and 142 or that the return pressure 
measured by the third pressure sensor 54 rises above 
the maximum pressure previously set and stored in 
memory, signals are sent to the control processor 122 

5 via the dual ported memory 1 1 0 so that the control proc- 
essor can send appropriate signals to cause the appa- 
ratus 30 to enter the safe state. The operator is notified 
of the situation via the display 1 14 and via an audible 
alarm. Using the touch panel 116, the operator can 

w instruct the control processor 1 22 to make adjustments 
to treatment flow rates via the flow adjustment step 226, 
to proceed to the disconnect patient step 236 (without 
executing the return blood step 234) or to override the 
alarm and continue treatment. In the latter case, the 

15 above alarm conditions is rechecked immediately after 
the instruction is given. 

In addition to the first class of most serious alarm 
conditions just described, a second class of alarms indi- 
cates possible malfunction in the apparatus 30. If a mal- 

20 function condition is detected, the monitor processor 
140 sends signals via the monitor bus 144 through the 
dual ported memory 1 10 over the control bus 124 to the 
control processor 122 notifying the control processor of 
the particular malfunction. The monitor processor 140 

25 also sends signals to the display 1 1 4 and via an audible 
alarm to notify the operator of the malfunction alarm. 
Meanwhile, the control processor 122 sends signals 
over the control bus 124 to the motor controller 128 
instructing it to send signals to each of the pumps 52. 

30 66, 78 and 84 to halt, to the return clamp 60 to close and 
occlude the return line 35, and to the second pump 62 
to cease dispensing anticoagulant. The particular mal- 
function alarm condition is retained in memory in the 
control memory 123 and the monitor memory 142 which 

35 detect that the apparatus 30 has been powered off so 
that the malfunction condition can be serviced. Once 
powered back up, the alarm will clear upon detection by 
the monitor processor 140 that the malfunction condi- 
tion is no longer present. Various malfunction conditions 

40 and possible operator responses are described in more 
detail below. 

If either processor detects a failure in the bubble 
detector 58 self -tests, or if the monitor processor 140 
detects a failure in the leak detector 85 self -test, it sends 

45 signals to the control processor 122 notifying it of this 
malfunction, in which case the control processor sends 
signals as appropriate to put the apparatus 30 in its safe 
state. The selections available to the operator on the 
display 114 include disconnecting the patient without 

so returning treated blood to the patient disconnecting the 
patient after returning the blood to the patient, or contin- 
uing the testing of the bubble detector 58 or leak detec- 
tor 85, as appropriate. 

If the monitor processor 140 detects that the return 

55 clamp 60 is open when it should be closed or that it is 
closed when it should be open, it sends signals to the 
control processor 122 notifying it of this malfunction, in 
which case the control processor sends signals as 
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appropriate to put the apparatus 30 in its safe state. The 
operator can proceed to the disconnect patient step 236 
or can return to the status step 224 in which case treat- 
ment will continue after the monitor processor 140 
determines that the malfunction has been 5 remedied. 5 

If the monitor processor 140 detects that one of the 
pumps 52, 66, 78 or 84 is not pumping at the expected 
rate (whether such rate is that initially retrieved from the 
control memory 123 or has been modified by the opera- 
tor), the monitor processor signals the control processor 10 
to put the apparatus 30 in a safe state. If the malfunction 
is detected in the pumps 66, 78 or 84, the operator may 
choose to override the malfunction alarm, in which case 
the apparatus 30 must be powered off and on and the 
treatment continued via appropriate selection on the is 
touch panel 116 or may choose to disconnect the 
patient with or without returning treated blood to the 
patient. If, however, the first pump 52 is detected to be 
malfunctioning, disconnection can only occur without 
returning of treated blood to the patient. 

If the monitor processor 140 detects that the sec- 
ond pump 62 is not dispensing anticoagulant at the 
expected rate, the control processor 122 is instructed to 
put the apparatus 30 in a safe state. The operator may 
select, via the touch panel 1 16, to proceed to the flow 
adjustment step 226 and proceed to modify the rate for 
the second pump 62. When modif ications are complete, 
information about the alarm is redisplayed on the dis- 
play 114. Alternatively, the operator may choose to pro- 
ceed to the disconnect patient step 236 or to return to 
the status step 224, in which case the monitor proces- 
sor 140 will determine if the alarm condition has been 
remedied and will signal the control processor 122 to 
continue treatment if the condition is remedied. 

If the monitor processor 140 determines that the 
weight reported by the control processor 122 for one of 
the containers 72, 90 and 92 is different than the weight 
detected by the monitor processor 140, it sends signals 
to the control processor 122 notifying it of this malfunc- 
tion. The control processor 122 then sends signals as 
appropriate to put the apparatus 30 in its safe state. The 
operator can proceed to the disconnect patient step 236 
or can continue in the halt step 230 mode, with weighing 
continuing until the condition has been fixed, at which 
point treatment will continue with the status step 224. 

if the monitor processor detects a failure in a pres- 
sure sensor self test, it sends signals to the control proc- 
essor 122 notifying it of this malfunction, in which case 
the control processor sends signals as appropriate to 
put the apparatus 30 in its safe state. The operator can 
then proceed to the disconnect patient step 236 (without 
proceeding to the return blood step 234) or can override 
alarm and return to the status step 224, in which case 
treatment will continue and the monitor processor 140 
will recheck the malfunction condition after a predeter- 
mined period. 

Other malfunctions also cause the monitor proces- 
sor 140 to instruct the control processor 122 to put the 



apparatus 30 in its safe state but the safe state can only 
be cleared by servicing the apparatus 30. Such mal- 
functions include detection by the control processor 140 
that a key of the touch panel 1 16 is malfunctioning, that 
the screen appearing on the display 1 14 as reported by 
the control processor 122 does not match the screen 
reported by the monitor processor 104, that either the 
control processor 122 or the monitor processor 140 has 
been reset too many times in a predetermined period, 
or that there has been a failure in the control memory 
123, the monitor memory 142 or in the dual ported 
memory 110. 

Other malfunctions also cause the monitor proces- 
sor 140 to instruct the control processor 122 to put the 
apparatus 30 in its safe state but can be remedied with- 
out disconnection of the patient. Such malfunctions 
include detection by the monitor processor 140 that one 
of the sensors 51 , 53, 54 or 83 or one of the scales 72, 
90 or 92 has failed a self test. In each case, if the oper- 
ator chooses to continue, the monitor processor 140 
retests the malfunctioning unit and signals the control 
processor 122 to continue treatment when the malfunc- 
tion has been corrected. 

In addition to the most serious alarm conditions and 
the malfunction alarms previously described, a third 
class of alarms, referred to herein as caution alarms, 
indicates possible incorrect treatment administration 
with the apparatus 30. Upon detection by the monitor 
processor 140 of conditions constituting a caution 
alarm, the monitor processor notifies the control proces- 
sor 122 of the condition which instructs the pumps 52, 
66, 78 and 84 to halt, also causes the display 114 to 
update the operator, and may emit an audible alarm. 

Caution alarms include detection by the monitor 
processor 140 that the weight of collection fluid in the 
collection container 86 does not match the volume 
expected from the previously selected flow rates, that 
the weight of replacement fluid in the replacement fluid 
container 68 does not match the volume expected from 
the previously selected flow rates, that the weight of 
secondary fluid in the secondary fluid container 76 does 
not match the volume expected from the previously 
selected flow rates, or that the pores of the semiper- 
meable membrane 42 are becoming clogged. In each 
case, the operator can choose via the touch panel 1 16 
the responses available at the halt treatment step 230. 
If the operator elects to override the caution alarm, the 
monitor processor 1 40 rechecks the alarm condition in a 
predetermined amount of time previously stored in the 
monitor memory 142. 

If one of the pumps 52, 66, 78 or 84 moves while 
the apparatus 30 is in a safe state, the movement is 
detected by the monitor processor 140 which signals 
the control processor to cut power to the pumps 52, 66, 
78 and 84. The operator can select to override the mal- 
function alarm, in which case the apparatus 30 must be 
powered off and on and the treatment continued via 
appropriate selection on the touch panel 116. Alterna- 
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tively, the operator may notify the control processor 122 
through the touch panel 1 16 of an intent to disconnect 
the patient. 

The third class of alarms also includes detection by 
the monitor processor 140 that the collection container 
86 is full, or that the replacement fluid container 68 or 
the secondary fluid container 76 is empty. An alarm 
message is displayed on the display 114 and the opera- 
tor is instructed to empty, replace or fill the appropriate 
container. Treatment is automatically halted at the halt 
treatment step 230. If the operator elects to continue 
treatment and has replaced the container 68, 76 or 86 
responsible for the caution alarm and the monitor proc- 
essor 140 will detect that the alarm condition has been 
cleared and will instruct the control processor 122 to 
continue treatment. 

It is also considered a caution condition when the 
rate of fluid removal is too high, given the selected blood 
flow rate. In this case, the alarm is displayed on the dis- 
play 1 14 and the treatment proceeds to the adjust flows 
step 226. The operator can, alternatively, elect to pro- 
ceed to the disconnect patient step 236 or to the status 
step 224 in which case treatment is continued and the 
alarm condition rechecked. 

A fourth class of alarms, called herein advisory 
alarms, are detected by the monitor processor 140, 
which advises the operator of the condition via the dis- 
play 1 14 (and also may advise the operator via an audi- 
ble alarm) and notifies the control processor 122 of the 
condition via signals over the monitor bus 144, the dual 
ported memory 110 and the control bus 124. Treatment 
is allowed to continue until such time as the operator 
inputs via the touch panel 116 instructions to the control 
processor 122 on a subsequent course of action. The 
selections available for some advisory alarm conditions 
are described below. 

If the monitor processor 140 cannot effectively 
monitor pressure with the first, second, third or fourth 
sensors 51 , 53, 54 and 83 because the blood flow rate 
is too low, and thus cannot detect access line 34, return 
line 35 or other primary circuit 38 disconnections, the 
operator can elect to override the alarm or proceed to 
the adjust flow step 226 and adjust the anticoagulant 
flow rates, after which the alarm display will reappear on 
the display 114. If the operator elects to override the 
alarm, treatment continues with the advisory alarm 
clearing only when the monitor processor 140 detects 
that the previously detected low pressure measurement 
has become more positive by a previously determined 
amount 

Advisory alarms detected during the priming step 
216 include detection by the monitor processor 140 that 
the collection container 86 is full or that the secondary 
or replacement fluid containers 76 and 68 is empty. The 
operator is notified of the condition via the display 114. 
Upon receipt of an operator instruction to continue via 
the touch panei 116. ihe monitor processor 140 
rechecks the condition and clears the alarm display is 



the condition has cleared. 

If the monitor processor 1 40 detects that the antico- 
agulant container 64 is empty, the operator may elect to 
proceed to the flow adjustment step 226 and adjust the 

5 anticoagulant flow rate, after which the advisory alarm 
is redisplayed on the display 114. Alternatively, the 
operator may elect to continue therapy, at which point 
the alarm condition is rechecked and the alarm display 
cleared if the condition has been fixed. 

10 If the monitor processor 1 40 detects that any one of 
the scales 72, 90 or 92 has been disturbed, the operator 
is so advised via the display 1 1 4. The monitor processor 
140 automatically clears the display 114 when the con- 
dition has been corrected or when the operator inputs a 

is continue command via the touch panel 1 16. 

If the monitor processor 140 detects a power loss 
while data is being updated by the control or monitor 
processors 122 and 140, the operator is so advised via 
the display 114. The monitor processor 140 clears the 

20 display 114 when the operator acknowledges the mes- 
sage by inputting a continue command using the touch 
panel 116. 

Preferably the apparatus 30 should have periodic 
preventive maintenance conducted to assure reliability 

25 while performing treatments. A preventive maintenance 
interval is stored in monitor memories 142. If the moni- 
tor processor 140 detects that the stored interval has 
elapsed, the operator is apprised of the condition via a 
message on the display 114. The monitor processor 

30 140 clears the display 1 14 when the operator acknowl- 
edges the message by inputting an override command 
using the touch panel 116. This advisory alarm is 
cleared when the apparatus 30 is placed in a service 
mode. 

35 If the monitor processor 140 detects that the filter 
40 is beginning to clot or that the particular primary cir- 
cuits 38 has been use for a predetermined period of 
time, the operator is advised of the condition via the dis- 
play 114. The operator can then elect via appropriate 

40 input to the touch panel 1 1 6, to proceed to the halt treat- 
ment step 230 and thence to the disconnect patient step 
236 and the unload filtration unit step 238. The operator 
can then elect, as previously described, to proceed to 
the end treatment step 240 or may load new circuitry, in 

45 which case the operator proceeds to the load circuit 
step 120. Alternatively, the operator may elect to over- 
ride the advisory alarm and continue treatment. In either 
case, the monitor processor 140 clears the alarm dis- 
play from the display screen 1 14 when the circuits have 

so been unloaded, or when the clotted filter alarm occurs. 
If treatment with the apparatus 30 has been 
stopped for more than a predetermined period of time 
previously stored to the monitor memory 142, the oper- 
ator is advised of the condition via the display 1 1 4 by the 

55 monitor processor 140. The operator can elect to enter 
proceed to the disconnect patient step 236 or may elect 
to continue treatment and continue the status step 224, 
in which case the monitor processor 140 clears the dis- 
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play 1 1 4 of the advisory message. 

If the monitor processor 140 detects via signals 
from the third pressure sensor 54 that pressure in the 
return line 35 has fallen a predetermined amount below 
initial operating conditions, the operator is notified via 
an advisory alarm to the display 114. The operator is 
similarly notified if the monitor processor 140 detects 
via signals from the first pressure sensor 51 that pres- 
sure in the access line 34 has risen a predetermined 
amount above initial operating conditions. In each case, 
the operator may instruct the control processor 122 via 
the touch panel 116 to proceed to the halt treatment 
step 230 or to override the advisory alarm and continue 
with the perform treatment step 222. If the operator 
elects to override the alarm, treatment continues and 
the alarm condition is rechecked by the monitor proces- 
sor after a predetermined period of time previously 
stored in the monitor memory 142. 

Two conditions which constitute advisory alarms 
can escalate to the most serious class of alarms if the 
conditions deteriorate. One such condition involves 
detection by the monitor processor 140 that the access 
pressure measured by the first pressure sensor 51 , has 
fallen below the previously determined operating point. 
In addition to operator notification via the display 114, 
the control processor 122 reacts to signals from the 
monitor processor 140 by signaling the motor controller 
128 to operate the first pump 52 at a slower rate to 
increase the access pressure a preset amount. A sec- 
ond such condition involves detection by the monitor 
processor 140 that return pressure, as measured by the 
third pressure sensor 54, has risen above the previously 
determined operating point. In addition to operator noti- 
fication, the control processor 1 22 reacts to signals from 
the monitor processor by signaling the motor controller 
128 to operate the first pump 52 at a slower rate. In 
either situation, the operator can elect to proceed to the 
flow adjust step 226 and adjust one or more flow rates, 
in which case the operating point will be recalculated, or 
proceed to the disconnect patient step 236. Alterna- 
tively, the operator can choose to override the advisory 
alarm and continue treatment However, the alarm con- 
dition is not cleared until pressures return to desired lev- 
els. If, after a predetermined amount of time, the 
condition does not clear, the condition is treated as a 
most serious alarm condition, in which case the monitor 
processor 140 instructs the control processor 122 to 
cause the apparatus 30 to enter into its safe state. 
Thereafter, the operator can proceed to the adjust flows 
step 226 or to the disconnect patient step 236, or over- 
ride the alarm condition in which case the monitor proc- 
essor 140 rechecks the alarm after a predetermined 
amount of time. 

In addition to detecting alarm conditions as 
described above, the monitor processor 140 evaluates 
pressure measurements in the primary circuit 38 and 
determines if conditions are indicative of a pinched 
access line 34 or return line 35, in which case the con- 



trol processor 122 is directed to modify the rate of 
pumping of the first pump 52 below its initial rate as pre- 
viously determined to achieve an initial blood flow rate 
until the condition is deemed corrected. If the access 

5 line 34 is pinched, a pressure decrease below a first 
predetermined minimum pressure is sensed by the first 
pressure sensor 51. If the return line 35 is pinched, a 
pressure increase above a first predetermined maxi- 
mum pressure is sensed by the third pressure sensor 

w 54. Upon detection of such a pressure decrease or 
increase, the control processor 122 is directed to 
decrease the pumping rate of the first pump 52 in one or 
more predetermined, incremental steps. After each 
step, pressure measurements from the first and/or third 

t5 pressure sensors 51 and 54 are obtained for a predeter- 
mined period of time. If pressure measurements are 
constant the monitor processor 140 directs the control 
processor 122 to incrementally increase the pump rate 
of the first pump 52 until the initial blood flow rate is 

20 achieved. If, however, the pressure sensed by the first 
sensor 51 continues to decrease or the pressure 
sensed by the third sensor 54 continues to increase, the 
control processor 1 22 is directed to further decrease the 
rate of pumping of the first pump 52. The rate of pump- 

25 ing of the first pump 52 is continuously decreased in this 
manner until a second predetermined minimum pres- 
sure is detected by the first pressure sensor 51, a sec- 
ond predetermined maximum pressure is detected by 
the third pressure sensor 54, or until a predetermined 

30 period of time has elapsed, at which point an alarm con- 
dition is indicated and an alarm emitted and displayed, 
as previously described. 

As mentioned previously, the monitor processor 
140 can evaluate the integrity of the pressure sensors 

35 51, 53, 54 and 83 when the pressure sensors are of a 
conventional design having a membrane centrally 
located in a disposable chamber. If there is a slow leak 
in the air compartment the membrane may lock in a 
position on either side of the middle of the disposable 

40 chamber, in which case the pressure sensor is typically 
unresponsive. To determine the integrity of the air 
chamber, the flow rate of the liquid being measured may 
be instantly changed at regular intervals. Simultane- 
ously, the change in pressure is measured by the pres- 

45 sure sensor over a predetermined period of time is 
calculated (dp/dt). If the change in pressure is less than 
a predetermined value, malfunction of the pressure sen- 
sor is indicated, which is treated by the monitor proces- 
sor 140 as an alarm condition and an alarm is emitted 

so and/or displayed. 

The invention is not limited to the specific embodi- 
ments described above and encompasses as well vari- 
ants and modifications which will be apparent to those 
skilled in the art 

55 

Claims 

1 . Method for printing a circuit for multiple blood extra- 
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corporeal treatments, the circuit comprising : 

a filtration unit (40) having a primary and a sec- 
ondary chamber (44, 46) separated by a semi- 
permeable membrane (42) ; s 
a primary circuit comprising a blood access line 
(34) connected to an inlet of the primary cham- 
ber (44) and a blood return line (35) connected 
to an outlet of the primary chamber (44) ; 
a collection fluid line (82) connected to the out- 10 
let of the secondary chamber (46) ; 
a secondary fluid line (80) connected to the 
inlet of the secondary chamber (46) ; 
a replacement fluid line (70) connected to the 
primary circuit (34, 35) ; and 15 
an anticoagulant fluid line (65) connected to the 
blood access line (34), 
the method comprising the steps of ; 

circulating a priming fluid from an end of 20 
the blood return line (35) to an end of the 
Wood access line (34) and through the pri- 
mary chamber (44) for a predetermined 
priming time ; and 

when the primary circuit (34, 35) is filled 25 
with priming fluid, ultraf iltering priming fluid 
from the primary chamber (44) into the 
secondary chamber (46) and circulating 
priming liquid from the secondary chamber 
(46) to an end of the collection fluid line 30 
(82). 

2. Method according to claim 1, wherein the step of 
priming the primary circuit (34, 35) comprises : 

35 

connecting a reservoir of priming fluid to the 
end of the Wood return line (35) and a collec- 
tion reservoir to the end of a the Wood access 
line (34) ; 

closing the blood return line (35) ; 40 
generating a first predetermined negative pres- 
sure in the primary circuit (34, 35) ; 
partially opening the Wood return line (35) in 
order that the pressure in the primary circuit 
(34, 35) remains below a second predeter- 4s 
mined negative pressure until the priming fluid 
reaches the collection reservoir ; 
totally opening the blood return line (35); and 
circulating the priming fluid for the predeter- 
mined priming time. so 

3. Method according to claim 1 or 2, further compris- 
ing, when the primary circuit (34, 35) is filled with 
priming fluid, pumping priming fluid from the pri- 
mary circuit (34, 35) into the replacement fluid line ss 
(70) in order to fill, at least partially, the replacement 

Hi it/4 lino f7f\\ \»n*h r>rirvun/^ ItiiiH 
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4. Method according to one of the daims 1 to 3, fur- 
ther comprising, when the secondary chamber (46) 
is filled with priming fluid, pumping priming fluid 
from the secondary chamber (46) into the second- 
ary fluid line (80) in order to fill, at least partially, the 
secondary fluid line (80) with priming fluid. 

5. Method according to claim 1 or 2, further compris- 
ing priming the replacement fluid line (70) by circu- 
lating replacement fluid in the replacement fluid line 
tor a predetermined fraction of the priming time. 

6. Method according to one of the claims 1 to 3, fur- 
ther comprising priming the secondary fluid line 
(80) by circulating secondary fluid in the secondary 
fluid line (80) for a predetermined fraction of the 
priming time. 

7. Method according to one of the claims 1 to 6, fur- 
ther comprising, when the priming time has 
elapsed, the steps of : 

closing the Wood return line (35) ; 
pumping priming fluid into (or from) the Wood 
access line (34) in order to increase (or 
decrease) the pressure in the primary circuit 
(34, 35) from an initial value to a predetermined 
pressure ; 

sensing the pressure in the primary circuit (34, 
35) for a predetermined period of time ; and 
emitting an alarm if the predetermined pres- 
sure is not reached or if the pressure 
decreases (or increases) ; . 
causing the pressure to reach the initial value ; 
and 

opening the return line (35). 
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